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Description 

[GAS DYNAMIC PRESSURE BEARING, 
MOTOR HAVING THE GAS DYNAMIC 
PRESSURE BEARING, AND DISK DRIVE 
HAVING THE MOTOR] 

Background of Invention 
[0001] 1. Technical Field 

[0002] The present invention relates to a gas dynamic pressure 
bearing, a motor having the gas dynamic pressure bear- 
ing, and a disk drive having the motor. The present inven- 
tion is utilized in a motor which rotates a magnetic disk 
such as a hard disk and a DVD, a disk apparatus and a 
laser printer having the motor. 

[0003] 2. Description of the Related Art 

[0004] A motor which rotates a magnetic disk such as a hard disk 
is required to rotate at high speed and with high preci- 
sion. As bearing means of the motor which rotates the 
magnetic disk, a fluid dynamic pressure bearing capable 



of stably rotating is becoming pervasive. Generally, the 
fluid dynamic pressure bearing comprises two members, 
first and second members. The first member is a colum- 
nar shaft, and one or two disk-like thrust plates are dis- 
posed on one or both ends of the shaft. The second 
member is opposed to an outer peripheral surface of the 
shaft through a radial gap and to one or two flat surfaces 
of the thrust plates through thrust gaps. At least one of 
both surfaces confronting these gaps on the members (a 
set of the surfaces and the gap is referred to as "a bearing 
surface", hereinafter) has a dynamic pressure generating 
groove having a herringbone-like or spiral shape, and lu- 
bricating fluid such as air or oil exists in these gaps. If one 
of the first and second members rotates with respect to 
the other member, the lubricating fluid increases the fluid 
pressure in the radial gap and the thrust gap by the 
pumping effect of the dynamic pressure generating 
groove. With this, rotating sides of the first and second 
members float up with respect to the stationary sides 
thereof, and a non-contact state between the first and 
second members is maintained during the rotation. 
[0005] In the gas dynamic pressure bearing, a gas is used as the 
lubricating fluid. Unlike a liquid dynamic pressure bearing 



using oil as tlie lubricating fluid, the gas dynamic pressure 
bearing does not have a leakage problem of the lubricat- 
ing fluid. However, a viscosity resistance value of gas is 
extremely small as compared with oil. Thus, as compared 
with the oil dynamic pressure bearing, this gas dynamic 
pressure bearing employs a structure that the speed of 
the rotating side in the bearing surface is increased and 
the bearing gap is set smaller than that of the oil dynamic 
pressure bearing. With this structure, a sufficient rotation 
supporting force is generated in the gas bearing. Gener- 
ally, in the oil dynamic pressure bearing, the bearing gap 
is 2 to 5 Mm, but in the gas dynamic pressure bearing, the 
bearing gap is 2 ^m or less. In the case of the gas dy- 
namic pressure bearing, since the bearing gap is small, 1) 
when the bearing gap is narrowed due to the temperature 
rise, i.e., when the thermal expansion coefficient of the 
shaft is greater than that of a sleeve, the bearing gap is 
eliminated and the bearing surface comes into contact, 
and a rotation-inability state so-called locked state is 
generated. Further, 2) when the bearing gap becomes 
wide due to the temperature rise, i.e., when the thermal 
expansion coefficient of the shaft is smaller than that of 
the sleeve, the rotation supporting force becomes insuffi- 



cient, and the rotation precision is deteriorated. Various 
prior arts liave been made so as to prevent tlie bearing 
gap from being clianged. According to one of the prior 
arts , copper alloy is used as material of the sleeve, 
austenitic stainless steel is used as material of the shaft, 
and the values of the thermal expansion coefficients of 
both the materials are substantially identical each other. 
According to another prior art, the bearing surfaces con- 
fronting the thrust gap are made of different material 
each other. When one material is a stainless metal, the 
other material is ceramic such as zirconia. With this prior 
art, one material is selected so as to have substantially the 
same value of its thermal expansion coefficient as that of 
the other material, and a wearing amount caused by a 
friction between the shaft or the thrust plate and the 

sleeve is reduced. 
Summary of Invention 

[0006] However, in any of the related prior arts materials of the 
stationary side and the rotating side are selected to be 
substantially identical each other. Since the materials 
must be selected from such a range, the combination of 
the materials may not be optimized in terms of other as- 
pects such as workability, price and lubricity. 



[0007] It js an object of the present invention to widen a clioice 
of the materials of the stationary side and the rotating 
side. 

[0008] It is also possible to reduce the change of size of the gap 
which may be caused by a temperature change. 

[0009] According to one example of the gas dynamic pressure 

bearing of the present invention, the bearing comprises a 
shaft, a sleeve whose inner peripheral surface is opposed 
to an outer peripheral surface of the shaft through a mi- 
cro-gap, and a substantially cylindrical hub which applies 
a surface pressure to an outer side of the sleeve and 
which is fitted to the sleeve, and a dynamic pressure gen- 
erating groove is formed on at least one of the outer pe- 
ripheral surface of the shaft and the inner peripheral sur- 
face of the sleeve, and if linear expansion coefficients of 
the shaft, the sleeve and the hub are defined as ex , ex and 
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a , respectively, a relation of a < a < a is satisfied. 
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[0010] In this gas dynamic pressure bearing, when the tempera- 
ture is ZO'C, the sleeve is fitted to the hub and the sleeve 
is compressed toward the inner diameter side and fixed. If 
the temperature rises, the radial gap between the shaft 
and the sleeve tends to be narrow from the relation of a 

1 

< a . This variation amount of the qap is defined as A. 



The fastening width between the sleeve and the hub is re- 
duced from the relation of a < a and thus, the surface 

1 2 ' 

pressure between the sleeve and the hub is moderated, 
and the sleeve tries to expand in radial direction. This ex- 
pansion causes the radial gap between the shaft and the 
sleeve to be wide. The expansion amount is defined as B. 
As a result, the expansion amount B cancels the gap vari- 
ation amount A each other, and the actual variation in ra- 
dial gap caused by the temperature rises is reduced or 
suppressed. Further, since the above inequality is satis- 
fied, the optimal material can be applied to various mem- 
bers in terms of workability, price and lubricity. 
[oo^^] it is preferable that if a fastening width between the sleeve 
and the hub at 20°C is defined as 5, and a fitting diameter 
between the sleeve and the hub is defined as 2R and a 

2 

difference between the maximum using temperature and 
ZO'C is defined as AT, the following relation expression 
(1) is satisfied, andif a thickness of the sleeve is defined 
as t and a thickness of the hub is defined as t , the fol- 
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lowing relation expression (2) is satisfied: 
[0012] 2R AT(a - (X ) <6 ... (1) 
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[0013] t It > 0.25 ... (2). 
2 1 



[0014] If the relation expression (1) is satisfied, the fastening 
width can be secured ,in spite of the sleeve expanding in 
the using temperature range of the gas dynamic pressure 
bearing. In this case, however, if the thickness of the hub 
is excessively thin as compared with that of the sleeve, 
only the hub is deformed in the expansion direction when 
a shrinkage fitting or a press fitting is applied for fixing 
the hub, and a predetermined surface pressure is not ap- 
plied to the sleeve. This is the reason why the relation ex- 
pression (2) is set. With this, when the sleeve and the hub 
are fitted to each other with the fastening width which 
satisfies the relation expression (1), the predetermined 
surface pressure is applied therebetween. As a result, the 
variation of the radial gap is reduced and the looseness of 
the fitted portion is prevented. 

[0015] The variation amount of the radial gap when the shaft, the 
sleeve and the hub are made of materials which satisfy the 
above conditions can be obtained by the following equa- 
tion: 

[0016] First, the outer diameter of the shaft, the inner diameter 
of the sleeve, the fitting diameter between the sleeve and 
the hub, and the outer diameter of the hub are defined as 
2R^, 2R^, 2R^ and 2R^, respectively. The moduli of longi- 



tudinal elasticity of tlie sleeve material and the hub mate- 



[0017] 



rial are defined as E and E , and the Poisson's ratios of 
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the sleeve material and the hub material are defined as 

vl 

and v^. The surface pressure Pm generated in the fastened 
surfaces between the hub and the sleeve by the press fit- 
ting or shrinkage fitting can be expressed by the following 
equation (3). 



Pm = d/< 
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[0018] The inner diameter of the sleeve is shrunk by u expressed 
in the following equation (4) by Pm. 

[0019] 



u - 



(4) 



[0020] Therefore, the radial gap Cr at the normal temperature 
becomes 

[0021] Cr = R - R - u ... (5). 
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[0022] Next, if the temperature rises by AT, the surface pressure 
Pm and the shrinking amount of the inner diameter of the 
sleeve are obtained by the following equations (6) and (8). 

[0023] 



[0024] 
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[0026] The radial gap Cr' after the temperature rise is expressed 

by the following equation (9): 
[0027] Cr' = Rl' - R ' - u' = (R a - R a )AT - u' ... (9). 
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[0028] Therefore, the variation amount of the radial gap is ob- 
tained by the following equation: 

[0029] 

Cr-Cr' = R^-Rq-u- " Rq^^q)^! + u' ( 1 0 ) 



[0030] In this regard u' is a value determined by substituting the 
equation group (7) into the equations (6) and (8). 

[0031] Since the gas dynamic pressure bearing of the invention 
have the above described effect, the motor having the gas 
dynamic pressure bearing, the bracl<et for fixing the shaft, 
the stator mounted on the bracl<et and the magnet 
mounted on the hub such as to be opposed to the stator 
operates stably. 

[0032] According to the present invention, the variation amount 
of the radial gap is reduced only by setting the linear ex- 
pansion coefficients of the members in the vicinity of the 
bearing surface to the predetermined inequality relations. 
Since the surface pressure of the fitted portions between 
the sleeve and the hub can be secured, the choice of the 
members can be widened. This is advantageous for vari- 
ous devices to which the gas dynamic pressure bearing is 

applied. 
Brief Description of Drawings 

[0033] Fig. 1 is a schematic sectional view of a hard disk drive 
according to an embodiment taken along an axial direc- 
tion of rotation; and 

[0034] Fig. 2 is a sectional view of a motor used in the hard disk 
drive taken along the axial direction. 



Detailed Description 

[0035] An embodiment of the present invention will be explained 
with reference to the drawings. Fig. 1 is a schematic sec- 
tional view of a hard disk drive according to an embodi- 
ment taken along an axial direction of rotation (axial di- 
rection, hereinafter). A hard disk drive 10 includes a 
housing 11 whose interior is kept clean, a dynamic pres- 
sure bearing motor (motor, hereinafter) 1 disposed in the 
housing 11, and an actuator 12. A plurality of (four in the 
drawing) magnetic disks 6 are mounted on the motor 1 in 
the axial direction. If the motor 1 is driven, the magnetic 
disks 6 rotate in a predetermined direction. Arms 14 hav- 
ing magnetic heads 13 are mounted on the actuator 12 
with respect to the magnetic disks 6 such that the arms 
14 extend in the radial direction. When the hard disk drive 
10 is not used, the magnetic heads 13 are retreated to- 
gether with the arms 14 to positions away from the mag- 
netic disks 6, and if the motor 1 is driven, the magnetic 
heads 13 are turned by the operation of the actuator 12 
and the magnetic heads 13 come close to the magnetic 
disks 6 to read/write information. 

[0036] Fig. 2 is a sectional view showing the motor 1 used in the 
hard disk drive 10 taken along the axial direction. Fig. 2 is 



a partially front view taken along the braking line X-X. The 
motor 1 includes a stationary member 2 fixed to an inner 
surface of the housing 11, a rotation member 3 supported 
through a later-described gas dynamic pressure bearing 
such that the rotation member 3 can rotate with respect 
to the stationary member 2, a stator 4 and a magnet 5. 
[0037] jhe stationary member 2 comprises a substantially re- 
cessed disk-like bracket 21, an inner shaft 22, an outer 
shaft 23, an upper thrust plate 24 and a lower thrust plate 
25. A through hole (not shown) is formed at its central 
portion of the bracket 21, and a peripheral edge of the 
through hole is made thick to form a boss 21a. The 
bracket 21 is provided at its peripheral edge with a cylin- 
drical wall 21b. The stator 4 is mounted on an inner sur- 
face of the wall 21b. A current is supplied to a coil of the 
stator 4 from an external power supply through a flexible 
circuit substrate (not shown) provided at a predetermined 
portion of the bracket 21. The inner shaft 22 is columnar 
in shape, and its lower end is fitted into the through hole 
and is supported by the boss 21a. The outer shaft 23 is 
cylindrical in shape. The outer shaft 23 is fitted over the 
outer periphery of the inner shaft 22 exposed from the 
boss 21a. The lower thrust plate 25 overhangs from the 



outer shaft 23 in the radial direction. The lower thrust 
plate 25 is fitted into the inner shaft 22 such that the 
lower thrust plate 25 is sandwiched between the lower 
end surface of the outer shaft 23 and the boss 21a. The 
upper thrust plate 24 also overhangs from the outer shaft 
23 in the radial direction, and in contact with an upper 
end surface of the outer shaft 23 and fitted into the inner 
shaft 22. 

[0038] The rotation member 3 includes a substantially cylindrical 
hub 31. The hub 31 is formed at its upper end close with 
a through hole 31b. The rotation member 3 also com- 
prises a cylindrical sleeve 32 which is shrinkage fitted into 
the inner peripheral surface of the hub 31. The rotation 
member 3 also includes a clamper 33a and a plurality of 
(four in the drawing) spacers 33. Upper and lower end 
surfaces of the sleeve 32 are sandwiched between the up- 
per and lower thrust plates 24 and 25 through micro- 
gaps (thrust gap, hereinafter) 32a and 32c such that the 
upper and lower end surface are opposed to the upper 
and lower thrust plates 24 and 25, respectively. An inner 
peripheral surface of the sleeve 32 is opposed to an outer 
peripheral surface of the outer shaft 23 through a micro- 
gap (radial gap, hereinafter) 32b. An inner peripheral sur- 



face of the hub 31 exposed from upper end lower por- 
tions of the sleeve 32 surrounds the upper and lower 
thrust plates 24 and 25 and the boss 21a. The hub 31 in- 
cludes a flange 31a on its outer peripheral surface to its 
lower endvicinity. An outer peripheral surface of the hub 
31 lower than the flange 31a holds the magnet 5. A por- 
tion of the hub 31 higher than the flange 31a has uniform 
outer diameter. An upper end of the inner shaft 22 passes 
through the through hole 31band is exposed outside of 
the hub 31. The magnet 5 is opposed to the stator 4. The 
spacers 33 protrude from the flange 31a of the hub 31 
toward the higher outer peripheral surface to determine 
the distance between the magnetic disks 6 in the axial di- 
rection. The clamper 33a is fixing means for fixing the 
plurality (four in the drawing) ofmagnetic disks 6 and the 
spacers 33 to the hub 31. 
[0039] The lower surface of the upper thrust plate 24 and the 

upper surface of the lower thrust plate 25 are formed with 
a large number of grooves 24a and 25a which are curved 
from inside toward outside in a form of an arc. The 
grooves 24a and 25a have depth of some pim and ar- 
ranged at equal distances from one another in the radial 
direction. When the rotation member 3 rotates, the 



grooves 24a and 25a generate the pumping effect which 
inwardly sends air existing in the thrust gap 32a. With 
this, the dynamic pressure of the thrust gaps 32a and 32c 
is generated, and the non-contact state between thesta- 
tionary member 2 and the rotation member 3 in the axial 
direction is maintained. An upper half and a lower half of 
the outer peripheral surface of the outer shaft 23 are 
formed with a large number of L-shaped grooves 23a and 
23b having depth of some pim. The grooves 23a and 23b 
are arranged at equal distances from one another in the 
radial direction. The grooves 23a and 23b generate the 
pumping effect for sending air existing in the radial gap 
32b toward the folded-back point of each groove when 
the rotation member 3 rotates. With this, the dynamic 
pressure of the radial gap 32b is generated, and the non- 
contact state between the stationary member 2 and the 
rotation member 3 in the radial direction is maintained. 
As described above, the portions constituting the thrust 
gaps 32a and 32c and the radial gap 32b function as the 
dynamic pressure gas bearing. 
[0040] Next, the operation of the motor 1 will be explained. 

[0041] If current is supplied to the coil of the stator 4, magnetic 
force is generated between the stator 4 and the magnet 5, 



and the hub 31 starts rotating together with the sleeve 32 
by this magnetic force. Then, the dynamic pressure is 
generated in the thrust gaps 32a and 32c and the radial 
gap 32b as described above, and the rotation member 3 
keeps rotating while maintaining the non-contact state 
with respect to the stationary member 2. 
[0042] As the rotation member 3 rotates, the stationary member 
2 and the rotation member 3 try to expand in accordance 
with the thermal expansion coefficients thereof due to the 
head from the coil caused by the current supply or a tem- 
perature rise of the environment temperature. In this em- 
bodiment, the outer shaft 23 is made of Al O -TIC ce- 
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ramie having the thermal expansion coefficient (a = 6.2 

—6 

X 10" /°C). The sleeve 32 is made of Al 0 having the 

—6 

thermal expansion coefficient (a^ = 5.1 x 10 /"C). The 
hub 31 is made of ferrite stainless steel having the ther- 

—6 

mal expansion coefficient (a^ = 10.1 x 10 /"Q. An outer 
diameter 2R^ of a portion of the outer shaft 23 which is 
opposed to the sleeve 32 is set to 9.994mm, an inner di- 
ameter 2R^ of the sleeve 32 is set to 10 mm, and a fitting 
diameter 2R between the sleeve 32 and the hub 31 is set 

2 

to 17.5 mm. An outer diameter 2R^ of a portion of the 
hub 31 higher than the flange 31a is set to 20 mm, and a 



fastening width 6 of tlie fitting portion between tlie hub 
31 and the sleeve 32 is set to 10 urn. Under the above 
conditions, variation amounts of the radial gap in the ra- 
dial direction when the temperature was ZO'C and when 
the temperature was SO'C were obtained in accordance 
with the above equation (10), and a result thereof was 
0.02 |jm or lower. A value of the left side of the equation 
(1) was obtained and a result thereof was 5.25 |jm. A ratio 
t /t of a thickness t of the hub 31 and a thickness t of 
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the sleeve 32 was 0.33, which satisfied the equations (1) 
and (2), and a necessary surface pressure was applied to 
the fitting portion. 

[0043] As comparison, if the same materials were used for both 
the sleeve 32 and the outer shaft 23, the variation amount 
of the radial gap in the radial direction was 0.3 |jm. 

[0044] While single embodiments in accordance with the present 
invention of various sizes, properties, a dynamic pressure 
bearing, a motor and a disk drive have been explained in 
the foregoing, the present invention is not limited to such 
embodiments. Various changes and modifications are 
possible without departing from the scope of the inven- 
tion. 



